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©  Preparation  of  N-phosphonomethylglycine. 
  A  process  for  the  preparation  of  N-phosphonomethyt- 
glycine  characterised  in  that  it  comprises: 

(a)  reacting  1,3,5-tricyanomethylhexahydro-1,3,5- 
triazine  with  an  acyl  chloride  corresponding  to  the  following 
general  formula: 

wherein  X  represents  chlorine,  bromine  or  iodine;  and  R 
represents  an  aliphatic  or  aromatic  group;  to  form  the 
N-cyanomethyl-N-chloromethyl  amide  of  the  acyl  chloride 
corresponding  to  the  following  general  formula: 

wherein  X  and  R  are  as  defined  above; 
(b)  reacting  the  amide  formed  in  (a)  with  a  phosphite 

corresponding  to  the  following  general  formuia: 

wherein  R1  and  R2  represent  both  aromatic  groups  or  both 
aliphatic  groups;  and  R3  represents  an  aliphatic  group  or  an 
alkali  metal;  to  form  a  phosphonate  corresponding  to  the 
following  general  formula 

wherein  R'  and  R2  are  as  defined  above;  and 
(c)  hydrolyzing  the  phosphonate  formed  in  (b)  to  yield 

N-phosphonomethylglycine  is  disclosed. 
Thus,  an  improved  production  for  a  valuable  herbicide  is 

provided. 



T h i s   i n v e n t i o n   r e l a t e s   to   t h e   p r e p a r a t i o n   o f  

N - p h o s p h o n o m e t h y l g l y c i n e .  

N - p h o s p h o n o m e t h y l g l y c i n e   and  c e r t a i n   s a l t s   a r e  

p a r t i c u l a r l y   e f f e c t i v e   as  p o s t - e m e r g e n c e   h e r b i c i d e s .   T h e  

c o m m e r c i a l   h e r b i c i d e   i s   s o l d   as  a  f o r m u l a t i o n   c o n t a i n i n g  

t h e   i s o p r o p y l a m i n e   s a l t   of  N - p h o s p h o n o m e t h y l g l y c i n e .  

N - p h o s p h o n o m e t h y l g l y c i n e   may  be  p r e p a r e d   by  a  

n u m b e r   of  m e t h o d s .   One  s u c h   m e t h o d ,   as  d e s c r i b e d   in  U . S .  

P a t e n t   No.  3 , 1 6 0 , 6 3 2 ,   i n v o l v e s   r e a c t i n g   N - p h o s p h i n o m e t h y l -  

g l y c i n e   ( g l y c i n e m e t h y l e n e p h o s p h o n i c   a c i d )   w i t h   m e r c u r i c  

c h l o r i d e   in  w a t e r   a t   r e f l u x   t e m p e r a t u r e   and  s u b s e q u e n t l y  

s e p a r a t i n g   t h e   r e a c t i o n   p r o d u c t s .   O t h e r   m e t h o d s   i n c l u d e  

p h o s p h o n o m e t h y l a t i o n   of  g l y c i n e   and  t h e   r e a c t i o n   o f  

e t h y l   g l y c i n a t e   w i t h   f o r m a l d e h y d e   and  d i e t h y l p h o s p h i t e .  

The  l a t t e r   m e t h o d   i s   d e s c r i b e d   in  U.S .   P a t e n t   N o . , .  

3 , 7 9 9 , 7 5 8 .   In  a d d i t i o n ,   t h e r e   a r e   n u m e r o u s   r e f e r e n c e s  

r e l a t i n g   to  t h e   p r e p a r a t i o n   of  N - p h o s p h o n o m e t h y l g l y c i n e ,  

i n c l u d i n g   U.S .   P a t e n t   Nos .   3 , 8 6 8 , 4 0 7 ;   4 , 1 9 7 , 2 5 4   a n d  

4 , 1 9 9 , 3 5 4 .  

U .S .   P a t e n t   No.  3 , 9 2 3 , 8 7 7   t e a c h e s   t h e   r e a c t i o n  

of  1 , 3 , 5 - t r i c y a n o m e t h y l h e x a h y d r o - 1 , 3 , 5 - t r i a z i n e   w i t h  

e x c e s s   d i s u b s t i t u t e d   p h o s p h i t e   to  form  (RO)2P(O)CH2NHCH2CN 

( w h e r e i n   R  i s   h y d r o c a r b y l   or  s u b s t i t u t e d   h y d r o c a r b y l )  

w h i c h   is   h y d r o l y z e d   to  y i e l d   N - p h o s p h o n o m e t h y l g l y c i n e .  



Because  of  the  commercial   impor tance   of  N - p h o p h o n o m e t h y l g l y -  

cine  and  c e r t a i n   s a l t s   as  h e r b i c i d e s ,   improved  methods  of  p r e p a r i n g   t h e s e  

compounds  are  v a l u a b l e .  

This  i n v e n t i o n   r e l a t e s   to  a  p roces s   for  p r e p a r i n g   N - p h o s p h o n o -  

m e t h y l g l y c i n e   which  c o m p r i s e s :  

(1)  r e a c t i n q   1 , 3 , 5 - t r i c y a n o m e t h y l h e x a h y d r e - 1 , 3 , 5 - t r i a z i n e   w i t h  

an  acyl  h a l i d e ,   p r e f e r a b l y   acyl  c h l o r i d e   to  form  the  N - c y a n o m e t h y l - N - h a l o -  

methyl  amide  of  the  acyl  h a l i d e ;  

(2)  r e a c t i n g   the  amide  with  a  p h o s p h i t e   to  form  N - a c y l a m i n o -  

m e t h y l - N - c y a n o m e t h y l   phosphona te ;   and 

(3)  h y d r o l y z i n g   th i s   phosphona te   to  y i e ld   N - ( p h o s p h o n o m e t h y l ) -  

q l y c i n e .  

The  o roce s s   of  t h i s   i n v e n t i o n   may  be  i l l u s t r a t e d   by  the  f o l l o w -  

ing  r e a c t i o n   s c h e m e :  

wherein  R  is  an  a l i p h a t i c   or  a romat ic   group  as  de f ined   h e r e i n a f t e r ,   p r e -  

f e r a b l y   Cl-C4  a l k y l ,   most  p r e f e r a b l y   methyl   or  e thyl   and  X  is  c h l o r i n e ,  

bromine,  or  i c d i n e ,   p r e f e r a b l y   c h l o r i n e .  

wherein  R  and  X  are  de f ined   as  above  and  R1  and  R2  are  both  a romat ic   g r o u p s  

o r   both  a l i p h a t i c   group,  p r e f e r a h l y  R 1   and  R2  are  C1-C6  a l k y l ,   more  p r e -  

f e r a b l y   C1-C4  a l k y l ,   and R3  is  an  a l i p h a t i c   group,  p r e f e r a b l y   R3  is  C1- 

C6  a l k y l ,   more  p r e f e r a b l y   C1-C4  a lkyl   or  R3  is  an  a l k a l i   metal  (M),  p r e -  

f e r ab ly   sodium  or  r o t a s s i u m .  



where in   R,  Rl  and  R2  are  as  def ined   above  and  H+  is  a  s t r o n q   acid  such  

as  h y d r o c h l o r i c ,   hydrobromic ,   h y d r i o d i c ,   n i t r i c ,   s u l f u r i c ,   phosphonic   o r  

c h l o r o a c e t i c   ac id .   P r e f e r a b l y   H+  is  h y d r o c h l o r i c   or  hyd rob romic   acid  and 

OH-  is  a  s t r onq   base  such  as  sodium  hydrox ide   or  p o t a s s i u m   h y d r o x i d e ,  

p r e f e r a b l y   in  an  aqueous,   a q u e o u s - a l c o h o l i c   or  a l c o h o l i c   s o l u t i o n .   P r e -  

f e r a b l y ,   the  h y d r o y l s i s   is  run  in  the  p r e sence   of  a  s t r o n q   a c i d .  

In  the  above  r e a c t i o n   scheme  the  group  R  is  not  d i r e c t l y  

i nvo lved   in  r e a c t i o n   s t ep   (a)  between  1 , 3 , 5 - t r i c y a n o m e t h y l h e x a h y d r o - 1 , 3 , 5 -  

t r i a z i n e   and  the  acyl  c h l o r i d e .   Groups  R,  R1  or  R2  are  not  d i r e c t l y   i n -  

volved  in  r e a c t i o n   s t ep   (b)  between  the  N - c y a n o m e t h y l - N - c h l o r o m e t h y l   amide  

r e a c t i o n   p roduc t   of  s t ep   (a)  and  the  p h o s p h i t e .   Groups  R,  R1  and  R2  a r e  

removed  in  r e a c t i o n   s t ep   (c)  when  the  phosphona te   r e a c t i o n   p roduc t   o f  

r e a c t i o n   s tep   (b)  i s . s u b j e c t e d   to  h y d r o l y s i s .   T h e r e f o r e ,   the  na tu re   o f  

groups   R,  R1  and  R2  is  not  c r i t i c a l ,   a l though   groups  which  would  i n t e r f e r e  

with  r e a c t i o n   s t e p s   (a)  and  (b)  are  to  be  a v o i d e d .  

The  group  "C1-C4  a lky l"   encompasses  methyl ,   e t h y l ,   n - p r o p y l ,  

i s o p r o p y l ,   n - b u t y l ,   i s o b u t y l ,   s e c - b u t y l ,   and  t e r t - b u t y l .   The  group  "C1-C6 

a l k y l "   encompasses   the  same  r a d i c a l s   as  Cl-C4  a l ky l   p lus   the  6  p e n t y l s   and 

the  16  h e x y l s .  

The  term  " a l i p h a t i c   group"  is  used  in  a  broad  sense  to  cover  a 

l a rqe   c l a s s   of  o rgan ic   groups  c h a r a c t e r i z e d   by  being  d e r i v e d   from  (1)  an  

a c y l i c   ( o p e n - c h a i n   s t r u c t u r e )   of  the  p a r a f f i n ,   o l e f i n   and  a c e t y l e n e   h y d r o -  

carbon  s e r i e s   and  t h e i r   d e r i v a t i v e s   or  (2)  a l i c y c l i c   compounds.  The  a l i -  

p h a t i c   group  can  have  from  1  to  10  carbon  a t o m s .  

The  term  "a romat ic   group"  is  used  in  a  broad  sense  to  d i s t i n -  

quish   from  the  a l i p h a t i c   group  and  i nc ludes   a  group  d e r i v e d   from  (1)  com- 

pounds  having  6  to  20  carbon  atoms  and  c h a r a c t e r i z e d   by  the  p resence   o f  



at  l e a s t   one  benzene  r i nq ,   i n c l u d i n q   monocyc l i c ,   b i c y c l i c   and  p o l y c y c l i c  

h y d r o c a r b o n s   and  t h e i r   d e r i v a t i v e s   and  ( 2 ) ' h e t e r o c y c l i c   compounds  havina   5 

to  19  carbon  atoms  which  are  s i m i l a r   in  s t r u c t u r e   and  are  c h a r a c t e r i z e d   by 

hav ing   an  u n s a t u r a t e d   r ing   s t r u c t u r e   c o n t a i n i n g   at  l e a s t   one  atom  o t h e r  

than  carbon  such  as  n i t r o a e n ,   s u l f u r   and  oxygen  and  d e r i v a t i v e s   of  t h e s e  

h e t e r o c y c l i c   compounds .  

R e a c t i o n   s t e p   (a)  p r e f e r a b l y   is  run  at  a  t e m p e r a t u r e   b e t w e e n  

abou t   0°  to  about  150°C,  more  p r e f e r a b l y   between  about  40°  to  about   110°C 

and  most  p r e f e r a b l y   between  about  75°  to  about   85°C.  This  r e a c t i o n   s t e p  

can  be  run  at  a t m o s p h e r i c ,   s u b - a t m o s p h e r i c   or  s u p e r - a t m o s p h e r i c   p r e s s u r e ,  

p r e f e r a b l y   at  a t m o s p h e r i c   p r e s s u r e .   P r e f e r a b l y   the  r e a c t i o n   is  run  in  a  

s o l v e n t   for  the  acyl   h a l i d e ,   such  as  e t h y l e n e   d i c h l o r i d e ,   methylene   c h l o r -  

ide ,   t e t r a h y d r o f u r a n   or  t o l u e n e .  

Three  moles  of  the  acyl  h a l i d e   are  needed  to  r e a c t   with  one  

mole  of  the  1 , 3 , 5 - t r i c y a n a n e t h y l h e x a h y d r o - 1 , 3 , 5 - t r i a z i n e .   An  excess   o f  

acy l   h a l i d e   can  be  used  to  insure   complete   r e a c t i o n   with  the  t r i a z i n e .   A 

l a r q e   excess   of  the  acyl  h a l i d e   can  serve  as  a  so lven t   in  t h i s   r e a c t i o n  

s t e p .   The  s o l v e n t   or  any  excess   acyl  h a l i d e   can  be  removed  to  i s o l a t e  

the  N - c y a n o m e t h y l - N - c h l o r o m e t h y l   amide  of  the  acyl  ha l i de   in  high  y i e l d s .  

However,  t h i s   amide  q u i c k l y   degrades   t h e r m a l l y   and  by  h y d r o l y s i s   and 

shou ld   be  kept  in  an  i n e r t   a tmosphere  if  i s o l a t e d .  

Most  p r e f e r a b l y   no  excess  acyl  h a l i d e   is  used  and  the  s o l v e n t  

used  in  r e a c t o n   s t e p   (a)  is  a l so   used  as  the  so lven t   in  r e a c t i o n   s t e p  

(b) .   Thus,  no  s o l v e n t   need  be  removed  a f t e r   comple t ion   of  s tep   (a)  and  

i t   is  used  in  r e a c t i o n   s tep   ( b ) .  

In  r e a c t i o n   s tep   (b),   most  p r e f e r a b l y   about  equal  mole  amoun t s  

of  N - c y a n o m e t h y l - N - h a l o m e t h y l   amide  of  the  acyl  h a l i d e   and  the  p h o s p h i t e  

are   r e a c t e d .   Less  p r e f e r a b l y ,   up  to  2  mole  excess   can  be  used  and  l e a s t  

p r e f e r a b l y   up  to  a  10  mole  excess  can  be  u s e d .  

The  r e a c t i o n   is  exo thermic   and  can  be  run  at  a  t e m p e r a t u r e   b e -  

tween  about  0  to  about  150°C,  more  p r e f e r a b l y   between  about  40°  to  a b o u t  

100°C;  most  p r e f e r a b l y   between  75°  to  about  35°C.  



No  s o l v e n t   is  needed  for  the  r e a c t i o n ,   however,   any  i n e r t   s o l -  

vent  can  be  used,   p r e f e r a b l y   the  s o l v e n t   having  a  b o i l i n g   po in t   b e t w e e n  

about  40°  to  about   100°C.  Examples  of  such  s o l v e n t s   are  e t h y l e n e   c h l o r -  

ide,   me thy lene   c h l o r i d e ,   t e t r a h y d r o f u r a n   and  t o l u e n e .   The  use  of  an  i n e r t  

so lven t   he lps   d i s s i p a t e   the  heat   of  r e a c t i o n .   Most  p r e f e r a b l y   the  s o l v e n t  

is  the  one  used  in  r e a c t i o n   s tep   (a) .   Any  s o l v e n t   used  in  t h i s   r e a c t i o n  

s tep   wi l l   be  removed  a f t e r   comple t ion   of  r e a c t i o n   s tep   (c) ,   so  p r e f e r a b l y  

it   is  one  t h a t   can  be  removed  by  e v a p o r a t i o n .  

A l k a l i   metal   p h o s p h i t e s   having  the  f o r m u l a  

wherein  R1  and  R2  are  as  de f ined   and  R3  is  an  a l k a l i   metal   are  r e a c t e d  

with  N - c y a n o m e t h y l - N - h a l o m e t h y l   amide  under  an  i n e r t   a tmosphere   such  a s  

n i t r o g e n .   The  a l k a l i   metal  p h o s p h i t e   can  be  p repa red   by  r e a c t i n g   an  a l k a -  

l i   metal  a l k o x i d e ,   a l k a l i   metal  hydr ide   or  a l k a l i   metal  with  an  equal  mo le  

amount  of  a  d i s u b s t i t u e d   p h o s p h i t e   of  the  f o r m u l a  

wherein  R1  and  R2  are  as  d e f i n e d .   This  r e a c t i o n   is  run  in  an  i n e r t   a t m o s -  

phere  such  as  n i t r o g e n .  

A l k a l i   metal   p h o s p h i t e s   of  the  f o r m u l a  

where  R1,  R2  and  M  are  as  de f ined   can,  becaue  of  t au tomer i sm,   have  t h e  

f o l l o w i n g   a d d i t i o n a l   s t r u c t u r a l   f o r m u l a  

wherein  R1  and  R2  are  as  de f ined   and  M  is  an  a l k a l i   m e t a l .  

In  r e a c t i o n   s tep   (c),  a  mole  of  the  phosphonate   r e a c t i o n   p r o d u c t  

from  r e a c t i o n   s tep   (b)  is  hydro lyzed   with  5  moles  of  water .   The  h y d r o l y -  

sis   is  run  in  the  p resence   of  a  s t rong   acid  or  base  as  d e f i n e d   a b o v e .  

P r e f e r a b l y   the  h y d r o l y s i s   is  a c i d - c a t a l y z e d ,   p r e f e r a b l y   with  an  i n o r q a n i c  



ac id ,   and  most  p r e f e r a b l y   with  h y d r o c h l o r i c   or  hydrobromic   ac id .   The 

h y d r o l y s i s   y i e l d s   the  d e s i r e d   N - p h o s p h o n o m e t h y l a l y c i n e .   P r e f e r a b l y   a t  

l e a s t   2  moles  of  the  acid  are  used.  More  p r e f e r a b l y ,   a  l a rge   excess   o v e r  

the  2  mole  amount  is  used.   The  p r e f e r r e d   h y d r o c h l o r i c   or  hydrobromic   a c i d  

can  be  used  in  c o n c e n t r a t e d   or  aqueous  fo rm.  

This  l a s t   r e a c t i o n   s tep   is  run  at  a  t e m p e r a t u r e   between  about  0 

to  about   200°C,  p r e f e r a b l y   between  about  50°  to  about   125°C  and  most  p r e -  

f e r a b l y   between  about   100°  to  about   125°C. 

Atmospher i c ,   s u b - a t m o s p h e r i c   or  s u p e r - a t m o s p h e r i c   p r e s s u r e   c a n  

be  used.  P r e f e r a b l y   a t m o s p h e r i c   p r e s s u r e   is  used  dur ing   the  h y d r o l y s i s .  

The  s o l i d   N - p h o s p h o n o m e t h y l g l y c i n e   can  be  r ecovered   by  c o n v e n -  

t i o n a l   t e c h n i q u e s   in  r e a c t i o n   s tep   (c).   V o l a t i l e   l i q u i d   p roduc t s   such  a s  

a l c o h o l s   (methanol)   c h l o r i d e s   (methyl  c h l o r i d e ) ,   ac ids   ( a c e t i c   a c i d ) ,  

wa te r ,   and  excess   acid  can  be  removed  by  s t anda rd   s t r i p p i n g   t e c h n i q u e s .  

The  d e s i r e d   N - c h o s p h o n a n e t h y l a l y c i n e   is  r ecovered   in  high  p u r i t y   by  d i s -  

s o l v i n g   i t   in  wate r ,   a d j u s t i n g   the  pH  of  the  s o l u t i o n   to  between  1  and  2 ,  

a l lowing   it  to  c r y s t a l l i z e   from  s o l u t i o n   and  removing  it  by  f i l t r a t i o n .  

The  p r o c e s s   of  t h i s   i n v e n t i o n   can  be  b e t t e r   unders tood   by  r e f e r -  

ence  to  the  f o l l o w i n g   s p e c i f i c   e x a m p l e s .  

EXAMPLE  1 

P r e p a r a t i o n   of  N - c y a n o m e t h y l - N - c h l o r o m e t h y l a c e t a m i d e  

Seventeen   grams  (g)  (0.0835  mole)  of  1 , 3 , 5 - t r i c y a n o m e t h y l h e x a -  

h y d r o - 1 , 3 , 5 - t r i a z i n e   were  s l u r r i e d   in  a  round-bo t tom  f l a s k   with  150  m i l l i -  

l i t e r s   (ml)  of  1 , 2 - d i c h l o r o e t h a n e .   Forty  m l  ( 0 . 5 6 3  m o l e )   a c e t y l   c h l o r i d e  

were  added  a l l   at  once  and  the  r e a c t i o n   mixture   was  r e f l u x e d   3  h o u r s ,   t h e n  

s t r i p p e d   under  reduced  p r e s s u r e   to  y i e ld   26.9  q  (79.95%)  N - c y a n o i n e t h y l - N -  

c h l o r o m e t h y l a c e t a m i d e .   S t r u c t u r e   was  confirmed  by  usual  a n a l y t i c a l  

methods  ( i n f r a r e d ,   p ro t cn   n u c l e a r   magnetic   r e sonance ,   and  mass  s p e c t r o s c o -  

p y ) .  



EXAMPLE  2 

P r e p a r a t i o n   of  O , O - d i m e t h y l - N - c y a n o m e t h y l - N - a c e t y l a m i n o m e t h y l   p h o s p h o n a t e  

The  amide  compound  p repared   in  Example  1  (26.9  g,  0.2  mole)  was  

d i l u t e d   with  75  ml  of  d i c h l o r o m e t h a n e .   T r i m e t h y l   p h o s p h i t e   (25.5  g,  0 . 2 0 6  

mole)  was  added  and  the  mix tu re   was  s t i r r e d   at  room  t e m p e r a t u r e   o v e r n i g h t ,  

r e f l u x e d   0.5  hour  and  s t r i p p e d   under  reduced  p r e s s u r e   to  y i e l d   34.9  g 

(79.32%)  of  the  d e s i r e d   p r o d u c t .   The  s t r u c t u r e   was  confi rmed  by  i n f r a r e d  

( i r ) ,   p ro ton   n u c l e a r   magne t ic   r e sonance   (nmr)  and  mass  s p e c t r o s c o p y   (ms) .  

EXAMPLE  3 

P r e p a r a t i o n   of  N - p h o s p h o n o m e t h y l g l y c i n e  

The  phosphona te   r e a c t i o n   p roduc t   of  Exanple  2  (19.5  g,  0 . 0 9  

mole)  was  combined  with  100  ml  (1.21  mole)  of  c o n c e n t r a t e d   h y d r o c h l o r i c  

ac id ,   r e f l u x e d   3  hours ,   and  s t r i p p e d   under  reduced   p r e s s u r e .   After   d i s -  

s o l v i n g   the  r e s i d u e   in  30  ml  wate r ,   the  pH  was  a d j u s t e d   to  10  with  50% 

sodium  hyd rox ide ,   the  mix tu re   was  s t r i p p e d   under  reduced  p r e s s u r e .   The 

p r o d u c t   was  again  d i s s o l v e d   in  30  ml  water  and  the  pH  was  ad ju s t ed   to  1 

with  c o n c e n t r a t e d   h y d r o c h l o r i c   ac id .   The  m i x t u r e   was  r e f r i g e r a t e d   o v e r -  

n igh t   and  the  next  morning  5.4  q  (98.3%  p u r i t y   by  weight)   of  the  d e s i r e d  

p r o d u c t   were  i s o l a t e d   by  f i l t r a t i o n   (35.49%  y i e l d ) .   S t r u c t u r e   was  c o n -  

f i rmed  by  i r ,   nmr,  and  l i q u i d   ch romatograph   ( l c ) .  

EXAMPLE  4 

P r e p a r a t i o n   of  N - p h o s p h o n o m e t h y l g l y c i n e  

F i f t y   m i l l i l i t e r s   of  1 , 2 - d i c h l o r e t h a n e   were  heated   to  r e f lux   i n  

a  50  ml  round-bot tom  f l a s k .   Acetyl  c h l o r i d e   (5.5  ml,  0.077  mole)  and  3 . 4  

g  (0.0167  mole)  of  1 , 3 , 5 - t r i c y a n o m e t h y l h e x a h y d r o - 1 , 3 , 5 - t r i a z i n e   were  
added  s i m u l t a n e o u s l y   over  10  minutes   while  m a i n t a i n i n g   an  excess  of  t h e  



a c e t y l   h a l i d e   in  the  r e a c t i o n   v e s s e l .   The  mix ture   was  r e f l u x e d   for   0 . 5  

hours  a f t e r   a d d i t i o n   was  comple te   then  s t r i p p e d   under  reduced  p r e s s u r e .  

Five  m i l l i l i t e r s   of  t o l u e n e   and  6.6  ml  (0.05  mole)  of  t r i m e t h y l  

p h o s p h i t e   were  added  to  the  r e s i d u e   and  t h i s   mix ture   was  r e f l u x e d   15 

minu tes ,   s t i r r e d   at  roan  t e m p e r a t u r e   fo r   2  hours  and  s t r i p p e d   u n d e r  

reduced  p r e s s u r e .  

T h i r t y   m i l l i l i t e r s   (0.36  mole)  of  c o n c e n t r a t e d   h y d r o c h l o r i c   a c i d  

were  added  to  the  r e s i d u e   and  the  m i x t u r e   r e f l u x e d   for  3  hours  and 

s t r i p p e d   under  reduced  p r e s s u r e   to  y i e l d   11.3  g  s o l i d s   c o n t a i n i n g   47.9%  b y  

weight  of  the  d e s i r e d   N - p h o s p h o n a n e t h y l g l y c i n e   as  de te rmined   by  l c .  

S t r u c t u r e   was  conf i rmed  by  C13  and  p r o t o n   nmr.  Overa l l   y i e l d   of  N - p h o s -  

p h o n o m e t h y l g l y c i n e   was  64%. 

EXAMPLE  5 

P r e p a r a t i o n   of  O , O - d i m e t h y l - N - c y a n o e t h y l - N - c a r b o e t h o x y a m i n o m e t h y l  
p h o s p h o n a t e  

E t h y l c h l o r o f o r m a t e   (8  ml.  0 .083  mole)  d i s s o l v e d   in  8  ml  m e t h y l -  

ene  c h l o r i d e   and  3.4  a  1 , 3 , 5 - t r i c y a n o m e t h y l h e x a h y d r o - 1 , 3 , 5 - t r i a z i n e  

(0.0167  mole)  were  combined  in  a  50  ml  r o u n d - b o t t o m   f l a s k   equipped  with  a  

s t i r r e r   and  r e f l u x   condense r .   The  m i x t u r e   was  r e f l u x e d   for   1  hour  and  

s t r i p p e d   under  reduced  p r e s s u r e .   The  r e s i d u e   was  d i s s o l v e d   in  5  ml  m e t h y -  

lene  c h l o r i d e .   T r i m e t h y l p h o s p h i t e   (5  ml,  0.042  mole)  d i s s o l v e d   in  15  ml 

methylene   c h l o r i d e   was  added.  This  r e a c t i o n   mix ture   was  r e f l u x e d   for  1 

hour.  To  the  cooled  mix tu re   50  ml  of  water   was  added.  The  mixture   was 

e x t r a c t e d   t h r e e   t imes  with  50  ml  of  me thy lene   c h l o r i d e .   The  o rgan ic   p o r -  
t i ons   were  combined  and  d r i ed   with  magnesium  s u l f a t e   and  s t r i p p e d   u n d e r  

vacuum  to  y i e l d   6.9  g  of  the  d e s i r e d   p r o d u c t   which  is  a  50  p e r c e n t   y i e l d .  

The  s t r u c t u r e   was  confirmed  by  i r ,   nmr  and  ms. 



EXAMPLE  6 

P r e p a r a t i o n   o f  N - p h o s p h o n o m e t h y l g l y c i n e  

The  p h o s p h o n a t e   r e a c t i o n   p roduc t   of  Example 5  (4.9  g,  0.02  mole )  

was  combined  with  20  ml  (0.24  mole)  of  c o n c e n t r a t e d   h y d r o c h l o r i c   a c i d ,  

r e f l u x e d   3  hours ,   and  s t r i p p e d   under  reduced  p r e s s u r e .   After   d i s s o l v i n a  

the  r e s i d u e   in  30  ml  wate r ,   the  pH  was  a d j u s t e d   to  10  with  50%  sod ium 

h y d r o x i d e ,   and  the  m i x t u r e   was  s t r i p p e d   under  reduced  p r e s s u r e .   The  p r o -  
duct  was  again  d i s s o l v e d   in  about  5  ml  wa te r .   S t r u c t u r e   was  conf i rmed  by 

nmr,  and  l i q u i d   ch romatograph   ( l c ) .  

EXAMPLE  7 

P r e p a r a t i o n   of  O , O - d i e t h y l - N - c y a n o m e t h y l - N - a c e t y l a m i n o m e t h y l   p h o s p h o n a t e  

Five  and  s i x - t e n t h s   grams  (5.6  g,  0.05  m)  of  p o t a s s i u m - t -  

b u t o x i d e   were  s l u r r i e d   in  a  round  bottom  f l a s k   with  25  ml  of  t e t r a h y d r o -  

furan   (dr ied   over  m o l e c u l a r   s i eves )   and  the  s l u r r y   was  cooled  in  a  w a t e r  

ba th .   Next  6.44  ml  (0.05  m)  of  d i e t h y l   p h o s p h i t e   were  added  dropwise  t o  

the  s l u r r y  o v e r   5  m i n u t e s ,   under  n i t r o g e n .   This  mixture   was  cooled  in  a n  

ice  bath  and  7.33  g  (0.05  m)  of  N - c y a n o m e t h y l - N - c h l o r o m e t h y l a c e t a m i d e  

d i l u t e d   with  50  ml  of  t e t r a h y d r o f u r a n   were  added  dropwise  over  15  m i n u t e s .  

The  mix ture   was  a l lowed  to  warm  to  roan  t e m p e r a t u r e   and  s t i r r e d   for  3 

hours .   The  mix tu re   was  f i l t e r e d   throuqh  d i c a l i t e   and  the  t e t r a h y d r o f u r a n  

s t r i p p e d   under  reduced  p r e s s u r e   to  y i e l d   9.0  g  of  the  d e s i r e d   p r o d u c t .  

S t r u c t u r e   was  conf i rmed  by  i r ,   nmr,  ms,  C-13  nmr.  

EXAMPLE  8 

P r e p a r a t i o n   of  P h o s p h o n a n e t h y l g l y c i n e  

Five  and  f o u r - t e n t h s   grams  (5.4  g,  0.022  m)  of  the  compound  p r e -  

pared  in  Example  7  were  combined  with  30  ml  (0.363  m)  of  c o n c e n t r a t e d   HCl,  



r e f l u x e d   3  hours  and  then  s t r i p p e d   under  reduced  p r e s s u r e   to  y i e l d   10.8  g  
of  the  de s i r ed   p r o d u c t ,   a  brown  s e m i - s o l i d .   S t r u c t u r e   was  conf i rmed  by  

i r ,   nmr,  C-13  nmr ,  and   lc  t e c h n i q u e s . .  

EXAMPLE  9 

P r e p a r a t i o n   of  O , O - d i m e t h y l - N - c y a n o m e t h y l - N - a c e t y l a m i n o m e t h y l   p h o s p h o n a t e  

One  and  f o r t y - f o u r - o n e   h u n d r e d t h s   grams  (1.44  g,  0.06 m)  o f  

sodium  hydr ide   were  s l u r r i e d   with  25  ml  of  t e t r a h y d r o f u r a n   (d i red   o v e r  

m o l e c u l a r   s i eves )   under  dry  n i t r o q e n .   Six  and  f o u r - t e n t h s   ml  (0.05  m)  o f  

d i m e t h y l p h o s p h i t e   were  added  dropwise   over  15  m inu te s .   When  a l l   h y d r o g e n  

gas  had  evolved  the  m ix tu re   was  cooled  in  an  ice  bath  and  7.33  q  (0.05  m) 

of  N - c y a n o m e t h y l - N - c h l o r o m e t h y l a c e t a m i d e ,   d i l u t e d   with  50  ml  dry  t e t r a h y -  

d r o f u r a n ,   were  added  d ropwise   over  15  minu te s .   The  mix tu re   was  s t i r r e d  

o v e r n i g h t ,   f i l t e r e d   and  s t r i p p e d   at  reduced  p r e s s u r e   to  y i e l d   11.5  g  o f  

the  d e s i r e d   p r o d u c t ,   a  ye l low  o i l .  

S t r u c t u r e   was  conf i rmed   by  i r ,   nmr,  ms,  C-13  nmr  and  glpc  t e c h -  

n i q u e s .  

the  compound  of  Example  9  can  be  hydro lyzed   to  p h o s p h o n o m e t h y l -  

g l y c i n e   accord ing   to  the  t e a c h i n g   of  Example  3. 



1.  A  p r o c e s s   f o r   t h e   p r e p a r a t i o n   of  N - p h o s p h o n o -  

m e t h y l g l y c i n e   c h a r a c t e r i s e d   in   t h a t   i t   c o m p r i s e s :  

(a)  r e a c t i n g   1 , 3 , 5 - t r i c y a n o m e t h y l h e x a h y d r o - 1 , 3 , 5 -  

t r i a z i n e   w i t h   an  a c y l   c h l o r i d e   c o r r e s p o n d i n g   to   t h e  

f o l l o w i n g   g e n e r a l   f o r m u l a :  

w h e r e i n   X  r e p r e s e n t s   c h l o r i n e ,   b r o m i n e   or  i o d i n e ;   and  R 

r e p r e s e n t s   an  a l i p h a t i c   or  a r o m a t i c   g r o u p ;   to  f o r m   t h e  

N - c y a n o m e t h y l - N - c h l o r o m e t h y l   a m i d e   of  t h e   a c y l   c h l o r i d e  

c o r r e s p o n d i n g   to  t he   f o l l o w i n g   g e n e r a l   f o r m u l a :  

w h e r e i n   X  and  R a r e  a s   d e f i n e d   a b o v e ;  

(b)  r e a c t i n g   the   a m i d e   f o r m e d   in  (a)  w i t h   a  

p h o s p h i t e   c o r r e s p o n d i n g   to   t h e   f o l l o w i n g   g e n e r a l  

f o r m u l a :  

w h e r e i n   R1  and  R2  r e p r e s e n t   b o t h   a r o m a t i c   g r o u p s   or   b o t h  

a l i p h a t i c   g r o u p s ;   and  R3  r e p r e s e n t s   an  a l i p h a t i c   g r o u p   o r  

an  a l k a l i   m e t a l ;   to  form  a  p h o s p h o n a t e   c o r r e s p o n d i n g   t o  

the   f o l l o w i n g   g e n e r a l   f o r m u l a :  

w h e r e i n   R   and  R2  are   as  d e f i n e d   a b o v e ;   a n d  



(c)  h y d r o l y z i n g   t h e   p h o s p h o n a t e   f o r m e d   in  ( b )  

to   y i e l d   N - p h o s p h o n o m e t h y l g l y c i n e .  

2.  A  p r o c e s s   as  c l a i m e d   in   c l a i m   1  w h e r e i n  R   r e p r e -  

s e n t s   C1-C4  a l k y l ;   and  X  r e p r e s e n t s   c h l o r i n e ;  

or   w h e r e i n   R  r e p r e s e n t s   C1-C4  a l k y l ;   R1  r e p r e s e n t s   C 1 - C 6  
a l k y l ;   R2  r e p r e s e n t s   C1-C6  a l k y l ;   R3  r e p r e s e n t s   C 1 - C 6  

a l k y l ,   s o d i u m   or   p o t a s s i u m ;   and  X  r e p r e s e n t s   c h l o r i n e ;  

or   w h e r e i n   R  r e p r e s e n t s   C1  or   C2  a l k y l ;   R1  r e p r e s e n t s  

C1-C4  a l k y l ;   R2  r e p r e s e n t s   C 1 - C 4  a l k y l ,   R3  r e p r e s e n t s  

C1-C4  a l k y l ,   s o d i u m   or   p o t a s s i u m ;   and  X  r e p r e s e n t s  

c h o r i n e ;  

or   w h e r e i n   R  r e p r e s e n t s   C 1  o r   C 2  a l k y l ;   R1  r e p r e s e n t s  

C 1  o r   C2  a l k y l ;   R2  r e p r e s e n t s   C1  or   C2  a l k y l ;   R 3  r e p r e s e n t s  

C 1  o r   C2  a l k y l ;   and  X  r e p r e s e n t s   c h l o r i n e ;  

or   w h e r e i n   R,  R1,  R2  and  R 3  e a c h   r e p r e s e n t s   m e t h y l ;   a n d  

X  r e p r e s e n t s   c h l o r i n e .  

3.  A  p r o c e s s   as  c l a i m e d   in   c l a i m   1  o r   c l a i m  2   w h e r e i n  

(a)  i s   c o n d u c t e d   a t   a  t e m p e r a t u r e   of  f rom  0  to   1 5 0 ° C .  

4.  A  p r o c e s s   as  c l a i m e d   in   any  of  c l a i m s   1  to  3 

w h e r e i n   (c)  i s   c o n d u c t e d   in   t h e   p r e s e n c e   of  an  a c i d  

c a t a l y s t .  

5.  A  p r o c e s s   as  c l a i m e d   in   c l a i m   4  w h e r e i n   t h e   a c i d  

c a t a l y s t   i s   h y d r o c h l o r i c   or   h y d r o b r o m i c   a c i d .  

6.  A  c o m p o u n d   c h a r a e t e r i s e d   in  t h a t   i t   c o r r e s p o n d s  

to  t h e   f o l l o w i n g   g e n e r a l   f o r m u l a :  

w h e r e i n   R  r e p r e s e n t s   C1-C4  a l k y l   or   e t h o x y ;   and  X 



r e p r e s e n t s   c h l o r i n e ,   b r o m i n e   or   i o d i n e .  

7.  A  c o m p o u n d   as  c l a i m e d   in  c l a i m   6  w h e r e i n   R 

r e p r e s e n t s   m e t h y l ;   and  X  r e p r e s e n t s   c h l o r i n e ;  

or   w h e r e i n   R  r e p r e s e n t s   e t h o x y ;   . 
and  X  r e p r e s e n t s   c h l o r i n e .  

8.  A  c o m p o u n d   c h a r a c t e r i s e d   in   t h a t   i t   c o r r e s p o n d s  

t o . t h e   f o l l o w i n g   g e n e r a l   f o r m u l a :  

w h e r e i n   R  r e p r e s e n t s   C1-C4  a l k y l ;   and  R1  and  R2  e a c h  

r e p r e s e n t s   C1-C6  a l k y l .  

9.  A  c o m p o u n d   as  c l a i m e d   in  c l a i m   8  w h e r e i n   R 

r e p r e s e n t s   m e t h y l ;   R  r e p r e s e n t s   m e t h y l ;   and  R2  r e p r e s e n t s  

m e t h y l ;  

or   w h e r e i n   R  r e p r e s e n t s   e t h o x y ;   R1  r e p r e s e n t s   m e t h y l ;  

and  R2  r e p r e s e n t s   m e t h y l .  
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